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A method of multiplex amplification features a plurality of split probe \
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reagents ("SPRs") each of which includes a target specific region defined by its
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' S~' eXeach SPR are ligated together only when hybridized to its target-specific template
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strand but. once joined, all SPRs can be amplified by a common primer set in aPCR reaction. SPRs may be a continuous strand, the ends of which are ligatable
to form a loop, or they may be distinct polynucleotide pairs. Specialized sequence
segments may be employed to facilitate detection on the basis of specific sequences
and/or length.
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Multiplex L1gat1ons-dependent Amplification

Field of the Invention

The invention relates to methods for amplifying and detecting a target

nucleic acid sequence and, more particularly, to a method for specifically

amplifying multiple target sequences using a single pair of primers.

5 Background of the Invention

One well-known method for amplification of target nucleic acids is the

polymerase chain reaction (PCR). In PCR two primers (of opposite ''sense") are

employed in excess to hybridize at the outside ends of complementary strands

of the target nucleic acid. The primers are each extended by a polymerase using

10 the target nucleic acid as a template. The extension products are dissociated

from the original target strand and the extension product of one primer

becomes template for extension of the other primer as is well understood inihe

art. The cycle of dissociation, reannealing and extension is repeated to increase

geometrically the number of target sequence molecules. PCR is described

15 further in U.S. Patents 4,683,195 and 4,683,202, both incorporated herein by

reference.

An alternate mechanism for amplification of target nucleic acids is

known as ligase chain reaction. (LCR). In LCR, two sets of probe partners are

used which includes one set of primary probes (first and second probe partners)

20 and a second set of secondary probes (third and fourth probe partners) all of

which are employed in excess. One probe partner hybridizes to a first segment

of the target strand and the other probe partner hybridizes to a second segment

of the same target strand, the first and second segments being contiguous

(either with or without a template-dependent correction step) so that the

25 primary probes abut one another in 5' phosphate-3' hydroxyl relationship and

so that a ligase enzyme or other reagent can covalently fuse or ligate the two

probes of the partner set into a fused product. In addition, a third (secondary)

probe can hybridize to a portion of the first probe and a fourth (secondary)

probe can hybridize to a portion of the second probe in a similar abutting

30 fashion, either with or without correction. Of course, if the target is initially

double stranded, the secondary probes will also hybridize to the target

complement in the first instance. Once the fused strand of primary probes is

separated from the target strand, it will hybridize with the third and fourth

l
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ea promicte are functionally equivalent to either the large, or itscomptentent. By repeated cycle, o, hybridization and ligation. fi^Lon of*e targe, sequence is achieved. This technique „ mm™? '

Barman, et a/. EP-A-0 320 308 and in EP-A-0 439 182 hr>H, „
P''tely m

reference in their entirety.
* b°* nc°IP°rated by

.
meftod known " oligonucleotide ligation assay ("OLA") isdescnbed m U.S. Patent 4,883,250 (Whiteley). This process mvoTZlZT.

of a fcrge, ste^d using . diagnostfc probe^ ,J££
wluch are ligated by a ligase in the presence of a targeMempZ r„
of -his,

a gap bebween me tivo probes is firs, fiUedby^^setteZnbefore ligation See US. Paten, S.^43 OHunar,iJJZZ££Z?

EPAOm^^?f "J"
1*"2**"- d~ ™*od is disclosed inEPA 0 US 332 ^o). According to „js method a circular bridging molecule"(polynucleotide) Is used to hybridize with bo«h a terge, artelyte anTto a

» ; ' l3bel M^—V- ™e comptung
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Ottrer amplification methods include me so-called "rolling circle
»

method, which is disclosed in W092/01813 (Rum and Driver) and elsewherefa to method a circular, singie-stianded template is formedL".^ "
hybnd^ to it . ^ primer „ exten<Jed around^ > Pnmer

fteeby creating mulhple ropies „^
Pre emb,y the circular template includes ,he complement of a cleZel so

PCR has been used in a multiplex manner to determine the presence ofmulnp^rge, sequences in a single reaction. EP-A-0 364 255 desXTusof multiple pnmer sets to simutoneously amplify multiple DMD toree,
sequences by PCR. A similar disclosure is made in Chamberlain, e, af Nuc,Ac* Re,. 1&U41-S6 (,988). LCR has similarly been used in a muhipLmanner to determine ,he presence of multiple Urge, sequences in a single
ration (see, e.g. WO93/20222). ,n both cases, a distinc, primer or prT , is>W for each targe, sequence desired to be detected. Since all primer/lbesete are present m ,he same reaction mixtore, < toUows ,ha, amplicationcondmons mus, be adjusted so ,ha, signal from each primer/probe se, deve.oosa, approxrmately «he same time. In other words, i, is no, poJble „ a
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multiplex reaction to optimize signal development by changing cycle
parameters (e.g. cycle time, cycle temperature or the number of cycles) from one
pnmer/probe set to another; all must amplify within a constant set of cycle
parameters. This has necessitated careful titration of primer/probe
concentrations and has resulted in compromises that reduce the overall
efficiency of amplification.

The generation of circularized probes following a target specific ligation
step has been described by Nilsson et al. in Science, 256:2085-2088 (1994) The
circularized probes, dubbed "padlock probes" due to their catenation with the
target, were used for the identification of clones in genomic libraries, fragments
in blots of whole genomes or for in-situ analysis of chromosomes. The ability
to perform direct hybridization assays with reduced background is possible by
removal of label from unligated probes, either by alkaline phosphatase
cleaveage of 32P iabel or by exonucleo]ytic degradation of the unhybridized
oligonucleotide probes. Circularized probes are resistant to label removal and
degradation since they contain no free 5" or 3' ends.

3
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Summary of t-ho lnyrntj„n
The present invention overcomes these and other difficulties by

providing methods and kits for multiplex amplification in which a singlecommon primer pair is used to amplify split probe reagents specific for each
target sequence. Thus, a single primer set is used for amplification and the
reaction conditions can be optimized for this single primer set to maximize the
efficiency of amplification.

' In a first aspect the invention is a method for amplifying a target nucleic
acid sequence comprising:

(a) forming a reaction mixture under hybridizing conditions with
(i) a sample suspected of containing a target strand with a

target sequence of interest, the target strand being present in single
stranded form;

(ii) at least one split probe reagent having a 5' end
complementary to a first segment of the target strand and a 3' end
complementary to a second segment of the target strand, the second
segment being sufficiently near the first segment such that 5' end can be
joined to the 3' end when the split probe reagent is hybridized with the
target strand, wherein said 5' end and said 3' end are on two distinct
polynucleotides or on different ends of one continuous polynucleotide-
the split probe reagent further having a first non-complementary region
located downstream of the 5' end and not complementary to the target
strand, and a second non-complementary region located upstream of the
3' end and not complementary to the target strand; and

(iii) an agent for ligating together said 3' and 5' ends of the split
probe reagent;

(b) ligating together said 3' and 5' ends of the split probe reagent while
hybridized with the target strand thereby to form a ligated probe having a
ligation junction;

(c) separating the ligated probe from the target strand;
(d) treating the reaction mixture under hybridizing conditions with:

(i) an excess of primers wherein a first primer has a sequence
complementary to a primer binding site ("PBS") located in said first non-
complementary region; and wherein a second primer has a sequence
identical to a site ("PBS' ") located in said second non-complementary
region, with the proviso that if said split probe reagent is continuous the
primer binding site located in said first non-complementary region is
upstream of said site located in said second non-complementary region

4
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(ii) a supply of deoxynucleotide triphosphates; and
(iii) an agent for inducing extension of the primers;

(e) extending the first primer to form an extension product
therefrom;

(f) treating the reaction mixture under denaturing conditions to
separate primer extension products from their templates;

(g) treating the reaction mixture under hybridizing conditions to
anneal the primers to the ligated probe or to extension product of the first
primer and extending the primers to form extension products therefrom.

In a multiplex system, there is generally one or more split probe reagents
("SPR") for each target one desires to detect. Each SPR has a 375' end specific
for a different particular target, and has two sequence segments common to all
SPRs that serve as primer binding sites ("PBS") or complements thereof (the so-
called PBS' site).

Preferably the agents for ligating and for inducing extension are
enzymatic agents such as a DNA ligase and DNA polymerase, respectively. The
polymerase is preferably thermostable. Since the ligase need not be active
through the cycling steps, it generally need not be thermostable, but in cases
where hybridization is performed under stringent conditions, (e.g. high
tempreature) some degree of thermostability may be desirable. Generally steps
(f) and (g) are repeated from 2 to 100 times, more typically from 15 to 50 times.

It may be preferable to include specialized segments for detection within
the SPR in a location that will be amplified by the primers. These segments
may include another sequence that is common for each SPR/target, specific for
each SPR/target, or sequences located between the PBSs that vary sufficiently in
length that amplification products from one SPR can be distinguished from
amplification products from a different SPR on the basis of length differences.

It may be desirable to separate unligated SPR from the reaction mixture
either before or after the ligating step, but prior to amplification. This may be
accomplished by removal of the SPR:target complexes or, in one embodiment,
by degradation of excess single stranded SPRs.

In another aspect, the invention is a kit containing the reagents
necessary to perform the above methods, and optionally including instructions
for use. The reagents may be in one or more containers and will include at
least:

(a) one least one split probe reagent as defined above for each target to
be detected;

(b) an agent for ligating the split probe reagent;

5
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(c) primers as defined above;

(d) a supply of deoxynucleotide triphosphates; and
(e) an agent for inducing extension of the primers.

Brief Dpsrriptinn nf thf Drawing

Figures la through lh are a representation of the method steps of
amplifying a target strand of nucleic acid according to one embodiment of the
present invention, wherein the split probe reagent comprises one continuous
polynucleotide, the ends of which are complementary to adjacent segments of
the target sequence such that the ends are ligatable when hybridized to the
target.

Figures 2a through 2h represent the method steps of the embodiment of
shown in Figures la to lh wherein there is no target sequence present.

Figures 3a through 3h are a representation of the method steps of
amplifying a target strand of nucleic acid according to a different embodiment
of the present invention, wherein the split probe comprises two distinct
polynucleotides, the ends of which are complementary to adjacent segments of
the target sequence such that the ends are ligatable when hybridized to the
target.

Figures 4a through 4h represent the method steps of the embodiment of
shown in Figures 3a to 3h wherein there is no target sequence present.

It should be noted that the subparts (a-h) of Figures 1-4 represent the
same corresponding stage of the process in each of these Figures. Also, Figures
1 and 2 are related in showing the same embodiment with and without target
respectively. Figures 3 and 4 are similarly related, showing the same
embodiment with and without target, respectively.

6
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Detailed Description of thp fprfntinn

The various aspects of the present invention will now be described in
more detail. It will be noted that all publications, patents and published patent
application mentioned herein are incorporated in their entirety.

A. Terminology

"Amplification" refers to the process by which additional copies of a
target sequence are synthesized. Generally amplification involves repeated
cycles of annealing, synthesis and denaturation. Synthesis is typically by a
process of extension or elongation. "Multiplex" amplification refers to an
amplification process wherein a plurality of distinct target sequences are
amplified simultaneously in the same cycles of amplification. Plurality means
at least two, preferably three or more distinct sequences.

"Split probe reagent" or "SPR" refers to a reagent that is one or two
polynucleotides which include ends complementary to a specific target nucleic
acid sequence. "Polynucleotide" includes non-natural binding reagents, such as
peptide nucleic acid analogs (PNAs), that are capable of specifically binding to
natural nucleic acids. A split probe reagent ("SPR"), whether consisting of one
or two polynucleotides, generally has total length between 20 and several
hundred nucleotides. More typically, the length of a single, continuous split
probe reagent is between about 50 and 300 nucleotides; and the length of each
half of a dual split probe reagent is between about 15 and 100 nucleotides
While the minimum length is important, the maximum length is dictated
only by manufacturing economy and practicality.

Split probe reagents can be made by synthetic methods such as the
phosphoramidite or H-phosphonate methods, particularly when shorter probes
are desired, or they can be made by standard cloning methods. It is also possible
to synthesize a split probe reagent in one or more smaller fragments and to
hgate the fragments together in a desired order using one or more synthetic
templates that span the assembly junctions. Alternatively, a single strand
template can be synthesized and large quantities of a complementary split probe
reagent can be manufactured using a polymerase and a single primer that
hybridizes to the template at the 3' end.

"End" refers to a region or segment of a polynucleotide which includes
the terminus and the next several adjacent nucleotides. The precise length of
an "end" is relatively unimportant and variable. For example in the split probe
reagent, an "end" may include up to the last 50 nucleotides of the probe
usually up to the last 30 and more typically the last 5 to 25 or so nucleotides
"End" may refer to either the 5' end or the 3' end. In the case of a split probe

7
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reagent comprising two distinct polynucleotides (and therefore having four
ends), "end" refers to those ends which are target-specific and will participate in
the ligation event. By contrast, "terminus" refers to the very last 5' or 3'

nucleotide of a polynucleotide.

5 It is not necessary that the two "ends" be the same length. In fact, if the
hybridization and ligation of the SPR take place in the presence of an agent for
inducing extension and a supply of nucleotide triphosphates, it may even be
desirable to use a 5' end that is longer than the 3' end. This tends to facilitate

hybridization of the 5' end relative to the 3' end and is important to avoid
1 o extension of the 3' end on the target under these conditions.

According to the present invention the ends of the split probe reagent
("SPR") are designed to be specific for a particular target of interest so that,

when hybridized to the specific target, the ends are joinable to one another. In
this regard the patent of Whiteley provides additional teaching with regard to

1 5 target specific sequences that are ligated on the target-template.

"Downstream" refers to the 3' direction while "upstream" refers to the 5'

direction on any given strand. Thus, when a particular sequence or event is

located or occurs "downstream" of another specified location, the sequence or
event can be found moving along the same strand in the 3' direction of the
specified event. As a result, the downstream (as well as upstream) directions of
two complementary nucleic acid strands hybridized in conventional anti-

parallel fashion will be in opposite directions.

"Hybridization" or "hybridizing" conditions is defined generally as
conditions which promote annealing. It is well known in the art, however,
that such annealing is dependent in a rather predictable manner on several
parameters, including temperature, ionic strength, probe length and G:C
content of the probes. For example, lowering the temperature of the reaction
promotes annealing. For any given set of probes, melt temperature, or Tm, can
be estimated by any of several known methods. Typically, diagnostic

30 applications utilize hybridization temperatures which are slightly below the
melt temperature. Ionic strength or "salt" concentration also impacts the melt
temperature, since small cations tend to stabilize the formation of duplexes by
negating the negative charge on the phosphodiester backbone. Typical salt

concentrations depend on the nature and valency of the cation but are readily

35 understood by those skilled in the art. Similarly, high G:C content and
increased probe length are also known to stabilize duplex formation because
G:C pairings involve 3 hydrogen bonds where AT pairs have just two, and
because longer probes have more hydrogen bonds holding the probes together.

8
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Thus a high G:C content and longer probe lengths impact the "hybridization
conditions" by elevating the melt temperature.

Once probes are selected for a given diagnostic application, the G C
content and length will be known and can be accounted for in determining
precisely what "hybridization conditions" will encompass. Since ionic strLth
is typically optimized for enzymatic activity, the only parameter left to vary is
the temperature. For improved specificity, the hybridization temperature is
selected slightly below the Tm of the probe; typically 2-15 • C below the Tm
Thus, obtaining suitable "hybridization conditions" for a particular probe setand system is well within ordinary skill of one practicing this art

Conversely, "denaturing" or "dissociating" conditions refer to conditions
where stringency is increased such that a given probe or probes no longer
hybridize. For example, under given ionic conditions increasing the
temperature to a point 5-15' C above the Tm of a Probe:temPlate duplex results
in a denaturing condition.

"Ligate" means to covalently join. Agents for ligating include
enzymatic, chemical and photochemical means. Preferred enzymatic ligatine
agents include DNA ligases and the like. Thermostability is not required of
these ligating agents. Suitable enzymatic ligases are commercially available
from numerous sources, such as New England Biolabs, Stratagene, Molecular
Biology Resources, and others. Photochemical ligation methods are also
known in the art. See eg. EP-A-0 324 616 (Amoco) and WO90/01069 (Segev)
When the ends of the split probe reagent are ligated, a ligation junction is
formed. The ligation junction should be formed so as not to interfere with the
ligated product serving as template in subsequent cycles.

"Extend" means to grow or to make longer as is well known in the art of
primer extension and polymerase chain reactions, and generally employs an
agent for inducing extension and a template. Agents for inducing extension
mclude, for example, polymerases and reverse transcriptases. As in PCR,
preferably the agent for inducing extension is thermostable in order to
withstand the denaturing conditions of strand separation. Numerous
thermostable polymerases are commercially available, including those derived
from Thermits aquations ("Taq") and Thermus flavus ("Tfl") organisms.
Enzyme fragments, such as Klenow and Stoffel, that have the ability to extend
are included within inducing agents.

"Primer" is used with its conventional meaning and refers to an
oligonucleotide which can be used for a template-directed extension reaction
For example, when an oligonucleotide having a free 3' hydroxyl is hybridized

9
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m the presence of deoxynucleotide triphosphates with a DNA template thatcontmues in the 5' direction, it presents the proper substrate for a DNA
polymerase to extend the primer by the template directed addition of
nucleotide triphosphates. It is common knowledge that PCR amplification

•
-quzres two primers oriented in opposing directions; however, the sequencesof the pnmers of the invention need not be different In other words, the samepruner can prime extension in both directions in the present invention, since*e PBSs need not be target specific. This may not be desirable, however, due tothe potential for the PBSs to cross hydridize with one another

'Target" refers to the section of nucleic acid that one hopes to amplify Itmay comprise RNA or DNA and may or may not originate from a cUmc

IT"™ 35 WOOd
'
Utine

'
W

'
tiSSUe °r CeI1 *»P«' mucous, andthe hke. When extracted from a clinical specimen, it may be necessary to yse acell to release the target nucleic acid into the reaction mixture. Methods sul as

foTml' ^ an<1 meCh3niCaI PrCSSUre^ We» — suitablefor trus purpose. "larger may also refer to a secondary mediator or
intermediate probe that is capable of hybridization with a primary target
through one or more intermediary binding members; and to any other naturalor synthetic nucleic acid or analog thereof. Target strands may be presentmmally m double-stranded form which are separated for hybridization with

Where "target" originates from a clinical specimen, the notion ofmumplex may take on several nuance, In genetic testing, for example,mu ttplex targets can often be selected from among the several known genetic

Tdm^C
C°n
T

bUte t0 3^^ ™S iS ** C3Se in ^osisor DMD. Conversely, a multiplex assay may comprise tests for several geneticpeases in one assay. In the field of infectious diseases a similar situation
holds true. One might construct a multiplex assay that tests for all types ofhuman papillomavirus; or for all known HIV variants; or for multiple speciesof Mycobacterium. Conversely, a multiplex assay might examine multiple
pathogens that are related only in that they have a propensity for infectiL thesame specimen types. A multiplex test for both Chlamydia trachomatis and
Neisseria gonorrhoeae illustrates this type of multiplex.

Regardless of the type of multiplex assay, a particularly useful technique
for which the invention is adapted is allele discrimination. Whether for
detection of point mutations or determination of antibiotic resistance the
power of the present invention to discriminate alleles differing by a single basecompares favorably with OLA and its gap-filling cousins described below

10
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Mismatches can be distinguished when they occur at or near either the 5' or yterminus of the split probe reagent, or in the gap if a gap-fill^ spIit probe faemployed. The advantage of the present invention permits amplification by acommon primer pair, but only if the desired allele was present in the first
instance to ensure the ligation junction.

"Affinity member" refers to either member of a pair of specific binding
igands An affinity member thus always has a corresponding or other member
to which it will specifically bind. Many examples of such affinity members areknown and include antibody-hapten pairs, complementary polynucleotide

ITZ Tu
VT SU*ar-lectin Pairs' Protein-receptor pairs, nucleic acid-

nucleic acid binding protein pairs and the like.

The term "label" refers to a molecule or moiety having a property or
^aracteristic which * capable of detection. A label may be directly detectable, aswith radioisotopes, fluorophores or chemilumiphores; or a label may be
mdirectly detectable, as with haptens or polynucleotide tails. When indirect
labels are used for detection or signalling purposes, they are used in
conjunction with a signalling entity complex. A "signalling entity" is a
molecule or moiety which provides the detectable property or characteristic.
The signaUmg entity may be direct, as with a colloidal particle (e.g. colloidal
gold or selenium); or it may be indirect, as with an enzyme (e.g. alkaline
phosphatase, (5-galactosidase or horseradish peroxidase). Indirect signalling
entities may require additional components, e.g. substrate, as is well known inthe art. The "signalling entity complex" includes a signalling entity conjugated
to specific binding partner, such as an antibody or polynucleotide Such
conjugates may be prepared according to any known method of conjugation.

B. Methods of the Invention

The invention will now be described with reference to the drawing
figures. Figures 1 and 2 represent one embodiment; Figures 3 and 4 represent
another embodiment. Also, Figures, 1 and 3 depict what happens when target
is present; Figures 2 and 4 depict what happens when target is absent. It should
be noted that the subparts (a-h) of Figures 1-4 represent the same corresponding
stage of the process in each of these Figures. For ease of discussion, the Figures
and the ensuing description describe amplification and detection of a single
target. However, the true advantage of the invention is realized when
multiple targets are amplified and detected at one time using multiple split
probe reagents, one specific for each target and each having in common the
sequences for primer binding sites.

11
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invent l""™*' *~ "° «~ """" embodiments of theuwennon. Referrmg^ t0 H a
-npn.es a continuous singlMtranded

wives 51 and 52. Stnce many dements are common to both embodiments*ey «e destgnated with singie reference numeral m both embodta^Where durances occur between embodiments they are separate* discussedIn a first step of the method, the split probe reagent or »SPR"ZTv
'

„

DMA l
*" regard- « b we" in the art thatDNA hgases are capable of covalently joining such ends which pres.* . 5Phosphate and a 3' hydroxy, termini a. adjacent positions on a «e„X Ofherpmmg methods may be used when fine positions'are p^^Jf*'For example, both chemical and photochemical joining methodsL„ Kdescribed in the art rs»B> a *

joining methods have been

^ another^^^^Z^ZT^ -

\

Sap being fined prior to joining by , p^ymerase-TJ^XSfour nudaonde triphosphates. This type o, gap MBng Jin the art and is described in TJ <; r nA -i /tth v

nown

EP-A-0 439 182 (Abbofi)
"° ** 8M^

"

d

gatmg the 3 and 5 ends is employed to form a ligated probe 18 58 havine ahgatton ,unction 20 as shown in Figures lb and 3b
8

discuss^ SPr'io

50 C°mPriMS SeVera
'
0,her SeSmen,S which *"*« ^

(W 22, which is downstream of meJ^aT^
complemantery region (-NCR") 24. which is upstream of the 3' end 16 (see

uTNCR 22 ^'u * *" ^ SPR

M

<a"d ^firs. NCR 22 typtcally extends downstream all the way to me 3' terminusSmularly. second NCR 24 extends upstream all the way to tha 5' endHowever. SPR 10 (and ligated probe 18) comprises but a sinele conL™strand looping bac. on itself. ,n this embodiment, thefU^^L
second NCRs cannot overlap. I, is arbitrary, however, where in the loop these
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NCRs converge. To simplify the discussion, it will be presumed that the point
of convergence is arbitrarily set nearer to the 5' end, i.e. in the lower left portion
of the loop (see Figures) and that the 5' ends of the primer binding sites (see
below) define the boundary of the NCRs. In this way. the primers amplify a
regions including both entire NCRs and the 3' and 5' ends.

Referring now to Figures lc and 3c, it will be seen that the first NCR 22
includes a first primer binding site ("PBS") 26. It is to this site that an
amplification primer 28 will bind as is discussed below. In addition secondNCR 24 includes a site 30 which contains a sequence identical to that of a
second primer 32 (see Figures le and 3e). As is well understood in the art of
PCR, the site 30 is complementary to a second primer binding site or PBS 34 as
shown in Figures Id, le, 3d and 3e. For this reason, the site 30 may be referred
to as "the second PBS' site" the "prime" designation being a common way to
identify a complement.

It is important for multiplexing according to the invention that the first
and second PBS be the same for each SPR. While exact sequence identity is not
essential- primers can be made to hybridize and extend on templates with
some mismatches- there is no reason not to utilize exact identity. Since target
specificity lies in the 5' and 3' ends (14,16) of the SPR, the remainder of the
polynucleotide need not have unnecessary variance. In this way a common set
of primers is used to amplify the SPR, but amplification results only if the split
probe has been joined to form the ligation junction.

Both the first and second NCRs 22, 24 may also contain other specialized
sequences for various purposes, such as to facilitate separation and/or detection
of hybrid complexes. These are discussed in more detail below.

Once a ligated probe 18, 58 is formed, it serves as a new template for
amplification by a pair of common primers. Prior to amplifying this template
however, it may be preferable to separate ligated probe from unligated SPRs.
This can be done by a number of techniques. For example, under hybridizing
conditions the complex of ligated probe and target may be separated from the
reaction mixture through the use of affinity members. Affinity members
useful for this purpose include antibodies capable of recognizing duplex
structures, and/or a capture hybridization probe specific for a different segment
of the target strand. Alternatively, in the case of the dual SPR 50, an affinity
agent attached to the polynucleotide 52 may also be used for this purpose.
Although this affinity mechanism will isolate both ligated and unligated split
probe halves 52, it will at least remove unligated split half 51 which is more
likely to generate background than half 52.

13
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•o auack pdynucleotlLfrou^c^C^ ""^™ l™Wn

« the ligated continuous probe 18
n° eXp°Xd mds to

perfor^o, «-- s*eP Evolves the

*e addition of re^enZffcb.etf "
tem,"a 'e

- ^*P "V -oive
the an.p.iflcedon reagtsTay£ oltT,"' ™^

0 the *a«. As Ulustrated in Figured'anL * " reaCti°n ",a"» *»
under hybridising *1—
PBS 26 located in the first NCR 22 In their ? 7 "** *e firet

extension and suitable nudSf^L k
"^ f°rMudnS

- ur Probe as itscr.rrsss:rr-
annealing and extern areptf^ Ltc t^ **~»-
*> hybridize to ligated probe 181 «d

'

PrimeK 28«*"
Wi incU.de a second PBS 34 as a result ofex^^^ndCT

-elusion „, the second PBS in the extension produ" 7*'
fi

'

/vce versa which^ thenMJ^^^-

*u « ,

Similarly, F.gure 4a shows the dual SPR «?n .„ i j-
he 5 end 14, the 3' end 16, the first NCR 22 and the second NCR 24 Tn I

*

absence of target, no ligation junction is formed as is shown
4b. If unligated SPR is not separated out, first pn" r 28 can T* *^
is shown in Figures 2c and 4cand, as^V^ZTT. "

£ f*
*

extension product 66 is formed. But in the absent of
1" ! ? '

extension product is incomnlp.* « cK • 7 S °n ,Unction theP incomplete as shown in F.gures 2d and 4d. Nevertheless,
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split probe 10 and split probe half 51 will continue in subsequent cycles to
provide a PBS 26 for first primer 28 and multiple incomplete extension
products 66 will be formed as is shown in Figures 2e, 2f, 4e and 4f In the
absence of extension across the ligation junction, extension product 66 will
never contain the second PBS 34 which would permit hybridization and
extension of the second primer 32. Thus, as shown in Figures 2& 2h, 4g and 4hmere wdl be no second extension product whatsoever and, thus no
exponential amplification.

The great advantage of the present invention is that each split probe
reagent can be designed to include 3' and 5' ends which are specific for a
particular target, while including in their NCRs two sequences that ensure
PBSs which are common to a plurality of SPRs. In this manner, a single set ofcommon primers, and a single set of amplification conditions which are
optimized for the common primers, can be used to amplify a plurality of target
sequences without sacrificing or compromising the efficiency of amplification.
Double-s randed amplification products are generated only in the presence of
ttte specific target of interest, which causes formation of the ligation junction
^cordmgly, even under common, simultaneous reaction conditions, a specificSPR will be amplified only if its specific and unique target was present initially
to cause ligation of the split probe reagent.

Detection of the target sequenced) proceeds according to any known
method for detecting the amplification products of a PCR. Several possible
methods are discussed below, keeping in mind the requirements imposed by
multiplex assays. The first consideration is whether or not it is necessary in a
particular case to differentiate among the targets detected in a multiplex assay
Depending on the targets, differentiation may not be require. For example
multiplex assays may be performed to detect HIV-1 and HIV-2, but the
practitioner may need to know only whether either is present. Similarly a
practitioner may need to know only that a patient is infected with a "high-risk"HPV type, not whether it is type 16, type 18 or type 33. In these cases it is
uneccesary to differentiate among the various targets and a generic detection
scheme may be used.

In contrast, when the practitioner needs to differentiate the targets a
discriminating detection scheme is required. For example, in genetic testing itmay be necessary to know which of two or more alleles is present. In such cases
where discriminating detection is desired in heterogeneous assays, it is
preferred to use a capture system and label system such that at least one
(capture or label) system is unique for each target and specific for the

15

Copied from 10718238 on 05/24/2006
i:::::::::::

1
^::::::::::::::::::::::::::::::::::::::::::::::::::::::



WO 96/15271
PCT/US95/14S86

35

amplification product made in the presence of that ru *may be common to all targets or4 also l
^

with

*Z^^Z^ZT and include hybrid—
segment may be the target specific regions of the 3' and7or s i *

distinct unique segment inserted into the SPrT / " *™y b<? *

By using unique capture tophy^2!ZT^ZT ** "

label can be attached to all yetL *V *^
10 separation.

8 differentiated on the basis of spatial

Unique labels include labels thai ran a u

therefrom). After amplication and incubation with the solid nh«L *phases ate separated and a common label is used Differ ^ "

determined by the appearance „f ^ ""i"*™* ere

phase groups
aPPMranCe ^ on «~ » -ore of the different soUd

5 Common capture or detection can be accomplished by, for example

overlap „rth fte pnmer regions, since they are common already, bu. this mavbeUss des,rab.e due to potential interference from primer artifac p^1d,snnc. segment, preferably between me PBS' and the ligation junction taddownstream from the PBS' sequence, as is shown in Example ,
"
pre^Alternatively, a common capture or detection component can bev.a the primers. Since the primers are common ,o all SPRs a aLm^i

T^l^ member 15 easi,y into a»»™iM
^or example, the pnmers may contain a 32PtaKOrthevm .v ,,. ,

7°"
otherwise coupled ,o specific binding member^. rtl^Z^
termmus. Techniques for so .abeling primers are we,. Jown in me rFrom the above discussion of detection, it should be clear that t Jsegment can be included in SPRs ,o facilitate separation and/or^T
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amplification products. For example, it may be desirable to include on. „

target specific reeions or PBQ. wu
™P°«ant provided it does not contain

amplification product length of 70 bases A SPR for ,

second SPR will be 80 b*c~
^P^caaon products of the

«Hm-i ,

and d^erentiable from those of the first SPRSimilarly, a third (and subsequent) SPRs might have 3' and * 7^
individual targets and comparable NCRs^k a^dLon^

^
in length for each distinct SPR tk .

addlhonal insertions, increasing

2oo ,„», Sud, geb^ be^™ of 50 to

brom.de or by employing isotopfcally labeled prinrers

Um

Of course, there are many variations on this technique all ofwrflun fte invention, including the use of mediatorcapZp^jI Ldtsdosed in U.S. Patent 4.75:477 to Stabinsky; and the uToiEuldetection probe as is disclosed in US. PatenHLSSl! 269 ml* ^ "««™<»ate

C. Ki/s o/ Me Invention

Kits according to the invention include a suitable supply of the feii„
•

reagents in one or more suitable containers-
* foIlo™ng

• at least one SPR for each desired target nucleic acid sequence-an agent for ligation, preferably a ligase enzyme;

17
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M ..'

d"xy,ucleo,id= triphosphates.

eUmmata, of .^XT^ W *— -
means for detection suA™' , °

Pa0nal,y indude

and/or subs^. A«t^t.P^;drr Pn>beS
'«^» ***

Won of ligated probe complexes
* '—" *» tata,» °r

-e^12^ "^^^**
temperatures, and number orTraJtT ""*» «—«

D> Examples

E2aSlpkI:
RPvE

leX amPlifi«Hon and detection of DMA f

Each of the f ,. • ^PeS^ 3 **te Prfmer2 SCVeral

t £>V i ?
8 PO,ynucleotid« is synthesized:

16 SPecific «Plft Probe reagent (SEQ ID NO 1) having *

TCTO™« OUASWCC ACAGCTCTTG GA^.!e,^^^^ GAGGAGTCCA TGACGAAACT
.

A HPV 18 specific split probe reagent (SEQ ID NO 2) havW a

TCMOmw GAAATCAGCC ACAGCTCTTG G^t"BSUaj*^^ GAGGAGTCCA ^GAAACT

18
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^ SP"t Pr0lK «-»» (SE<2 1D N°- 3) having the sequence-5 mbmwtw naccssm nnrracw««« C«CTC11icranuc awem acagctcttg qaggaqtcca

A common PCR primer A (SEQ ID NO. 4) having the sequence:
5 • -GATGAGTTCG TGTCCGTACA- 3 •

•

A common PCR primer B (SEQ ID NO. 5) having the sequence-
5 ' -GGTTATCGAA ATCAGCCACA G-3 , andA generic detection probe (SEQ ID NO. 6) having the sequence:
5

* -TGGAGGAGTC CATGACGAAA-3 *

In the tfuee SPRs (SEQ ID NOs 1-3) the underlined portions represent

etd f I'fd WhiCH« Spedfic ** ** active l£>V target Z 5'^ * - provide aC-S^Lnmer A
<
SEQ ro NO. 4) is complementary to the first iteliH^ *

primer B (SEQ ID NO. 5) is UfcnL, to JsecoM
ituke segment 30 (figures lc and 2c) is a PR^ci- tk u ,7

equence smce lt-

complement strand of the SPR. The primer sequent and *e ueLdo,,probe sequence are derived from bacteriophage lambda
Ind.tr.dual reactions containing either no HPV DNA or various

£££££ -^ W
°
rm 33 °NA» eachbPR (SEQ ID NOs. 1-3). The reaction contains 10-50 mM Tris oH it 1 i « ,„

20-50mM KC. 0,-10 pM NAD/ATP cofacto,^^of DNA^
heated to 95 C for 1 mmute to denature all double stranded nucleic acid and

respective HPV targets. When annealed to the proper HPV tar^ «,„DNAHgase^ join the 5 and , ends of the sph, probe^p^™
"des^ed

reaC"0nS^ ** hMfed * ** 10 -*™~e
m„w «

ReaCH°'^are *CT di'Uted l° 100 »" for rcR amplification. Final prRcondmons are 20-50 mM Tris pH 8.3. 20-50 mM KC1. 1-5 mM Mrfb 1 mMeach dATP. dCTP. dGTP, TTP, 0.001% (w/v, geUtin. aboutZ J>1™PCR pnmers A and B (SEQ ID NOs. 4-5, and 1-5 units To, DNA polymeraseReasons are cycled for 40 cycles of consisting of 1 mimite
' „ 95.C

P

^Hs-Cand 1 min. at 65°C
ln at 55 c
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•Wh.
A
i!

tGr amP
u
lificati°n

'
reaction Prod"*» are visualized following

probe and HPV target are present m «.JeJ^"* •*» ** P«>P«**
In an alternative detection method, PCR reaction products are mb,edwtth an excess of the generic detection probe (SEQ ID NO 6) wti^ K

32P-labeled at the 5' end with vJ2p-ATP ,„HL, . ,
h** been

„,... . .
™ r-Arp and polynucleotide kinase The

T".* J
Mted to« to" nun. and cooled to 55°C (or a!aliquot is then electrophoresed throueh a wv „„„ a

' m
eel. Hybridation of me probe *^4^^?autoradiography. o«e again, the Ubeled ge, shift
when the prope, spit probe and HPV target are prLn, in

EtamplEi Multtplex amplification of sections of the CFTReene anddetection of Cystic Fibrosis mutations
8 d

Cystic fibrosis ("CP-) is caused by mutations in the Cystic Fibrosis

cZT DlT
C™tad"" RegU,a,°r <Cm

'°~ ^ensH^
'^Hiaror tuhi^ £«te , Genomics 10, 214-228 (1991. THa
commomy causing CF are those specified asKZTt
specifies a three base deleHon a, DNA position "53^^^^phenylalanine which o«,rs a, position 508 of the norma) CFlTp^G Dspeed** a G to A change at DNA position 1784, causingS^*,D

""^occurring g,ycine at position 551 with aspartic aad; nd W
"
,Xspecrfy truncation o, the CFTR protein after position 1281 by£Z

T

nonsense mutation (G to A at DNA position 3978) causingL Jet ,no amino acid a, position 1282, rather than thenormaUy^^.
Each of the following polynucleotides is synthesized-

A G551D specific split probe reagent (SEQ ID NO. 7) having the seauenc

TTATCGAAAT CAGCCACAGC TCTTGGAGGA GTCCATGACG AAACTCTAAA

A W1282X specific split probe reagent (SEQ ID NO. 8) having the seauenc-5-™^ PTOCTOT> CGGACACGAA ^Tct
GGTMrCGAA ArCAGCCACA GCTCTTGGAG GAGTCCATGA CGAAAGATGAACTGATTGCC CGTCTCTCTA ClggAA&SGg rT~TT 1

,
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A AFsos specific split probe reagent (SEQ ID NO. 9) having the sequence-
5'-ATSATMTTT CTTTftftTOGT qrrCTCTJST ACGGACACGA ACTCATCCTC

TGGTTATCGA AATCAGCCAC AGCTCTTGGA GGAGTCCATG ACGAAAGATG
AACTGATTGC CCGTCTCCGC TCGCTGGGTG AACAACCTCT TATATTPA*pn
ATAGGAAAPA rrh -i .

.

A common PCR primer A (SEQ ID NO. 4) having the sequence:
5 ' -GATGAGTTCG TGTCCGTACA-3 '

•

A common PCR primer B (SEQ ID NO. 5) having the sequence:

5 * -GGTTATCGAA ATCAGCCACA G-3 •
;A G551D detection probe (SEQ ID NO. 10):

5 ' -AAAGAAATTC TTGCTCGTTG ATCTCCACTC AGTGTGATTC C-3 •

•

A W1282X detection probe (SEQ ID NO. 11):

5 ' -ACTCCAAAGG CTTTCCTTCA CTGTTGCAAA GTTATTGAAT-3 '

; and
15 A AF508 detection probe (SEQ ID NO. 12):

5 ' -TATATTCATC ATAGGAAACA CCAATGATAT TTTCTTTAAT GGTGCC-3

'

In the three SPRs (SEQ ID NOs 7-9) the underlined portions represent
the 5' end and 3' end which are specific for the respective mutations in the
CFTR gene. The detection probes (SEQ ID NOs 10-12) are designed to hybridize
with these underlined regions once the ends are ligated. The 5' end of each
SPR (SEQ ID NOs 7-9) is phosphorylated to provide a ligatable end. Primer A
(SEQ ID NO. 4) is complementary to the first italicized sequence and primer B
(SEQ ID NO. 5) is identical to the second italicized sequence since it, like
segment 30 (figures lc and 2c), is a PBS' site. The primer sequences and the
differential length insertion sequences are derived from bacteriophage lambda

Individual reactions including genomic DNA containing either the
G551D, the W1282X or the AF508 mutation within the CF gene are incubated
with each SPR (SEQ ID NOs. 7-9). The reaction contains 10-50mM Tris PH 8 3
1-5 mM MgCl2, 20-50 mM KC1, 0.1-10 uM NAD/ATP cofactor, 1-5 units of DNA
Ugase and approximately 15-30 nM of SPR in a volume of 50 ul. The reactions
are heated to 95°C for 1 minute to denature all double stranded nucleic acid
and cooled to 55°C for 1-60 min. to allow the split probes to anneal to their

'

respective mutant targets. When annealed to the proper mutant target
sequence, DNA ligase will join the 5' and 3' ends of the split probe to produce a
circular molecule. The reactions are then heated to 100°C for 10 min. to
inactivate the ligase.

21
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Reactions are then diluted to 100 ul for PCR amplification. Final PCRconditions are 20-50 mM Tris PH 8.3, 20-50 mM KCI, 1-5 mM MgCl2 200 mMeach dATP, dCTP, dGTP, TTP, 0.001% (w/v) gelatin, about l^M common PCRprimers A and B (SEQ ID NOs. 4-5) and 1-5 units Taa DNA polymerase
Reactions are cycled for 40 cycles of consisting of 1 minute at 95°Q 1 min at 55°Cand 1 min. at 65°C

C

After amplification, reaction products are visualized following
electrophoresis through a 10% polyacrylamide gel and staining with ethidium

f„T w"T6^ PCR PTOducte of 117bP the G551D mutation, 137bp
for the W1282X mutation and 163bp for the AF508 mutation are produced onlvwhen the proper split probe and mutant target sequence are present in thesame reaction.

In an alternative detection method, PCR reaction products are separatedby virtue of a specific hybridization capture and are labeled with a common
label. Thus,primerAisbiotinylatedatits5'end. Following the ligation
reaction (as above), unligated SPRs are degraded using exonuclease VH which
is reported not to act on circularized probes. Amplification proceeds as above
the biohnylated primer being incorporated into extension products of the first'primer A. Each of the detection probes (SEQ ID NOs 10-12) is spotted onto three
discrete spots in a linear array on a sheet of nitrocellulose and dried. The sheetof nitrocellulose is cut into three strips each strip containing a spot for each
detector probe. The three strips are incubated under hybridizing conditions
with amplified reaction samples from individual patients as follows- strip 1
w.th sample from a patient having the G551D mutation, strip 2 with sample
from a patient having the W1282X mutation, and strip 3 with sample from a
patient having the AF508 mutation. After incubation, the strips are gently
washed and incubated with a conjugate of anti-biotin.colloidal gold. Followine
a rinse, the strips are observed for the presence of a reddish-brown color at each
of the spots. On each strip, only the spot having the detection probe specific for
the patient's mutation should be visible.
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SEQUENCE LISTING

(1) GENERAL INFORMATION:

(i) APPLICANT: John J. Carrino

(ii) TITLE OF INVENTION: Method of Multiplex Amplification

(iii) NUMBER OF SEQUENCES: 12

(iv) CORRESPONDENCE ADDRESS:
(A) ADDRESSEE: Abbott Laboratories
(B) STREET: 100 Abbott Park Road
(C) CITY: Abbott Park
(D) STATE: Illinois
(E) COUNTRY: USA
(F) ZIP: 60064-3500

(v) COMPUTER READABLE FORM:
(A) MEDIUM TYPE: Floppy disk
(B) COMPUTER: Apple Macintosh Ilea
<C) OPERATING SYSTEM: System 7.0 1
(D) SOFTWARE: MS Word

(vi) CURRENT APPLICATION DATA:
(A) APPLICATION NUMBER:
(B) FILING DATE:
(C) CLASSIFICATION:

(viii) ATTORNEY /AGENT INFORMATION:
(A) NAME: Thomas D. Brainard
(B> REGISTRATION NUMBER: 32,459
(C) ATTORNEY DOCKET NUMBER: 5626. US. 01

fix) TELECOMMUNICATION INFORMATION:
(A) TELEPHONE: 708/937-4884
(B) TELEFAX: 708/938-2623
(C) TELEX:

(2) INFORMATION FOR SEQ ID NO:l:
(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 127 base pairs
(B) TYPE: nucleic acid
<C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: synthetic DNA

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:l;

^*™*^A CTAGCATTTT CTGTGCTCTT GTACGGACAC GAACTCATCC TCTGGTTATC 60

SSJS
°C ACAGCTCTTG G*GGAGTCCA TGACGAAACT CTCTCTATTA TcSSS 120

127

(2) INFORMATION FOR SEQ ID NO: 2:
(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 127 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: synthetic DNA
(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2:
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60
120
127

sagssss ssss: ssss ssssshe
(2) INFORMATION FOR SEQ ID NO: 3:

(i) SEQUENCE CHARACTERISTICS
(A) LENGTH: 127 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS : single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: synthetic DNA
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:3:

»SSSSSSSSESSSSSS5SS £
127

(2) INFORMATION FOR SEQ ID NO: 4:
(i) SEQUENCE CHARACTERISTICS

•

(A) LENGTH: 20 base pairs
(B) TYPE: nucleic acid
<C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: synthetic DNA
(xx) SEQUENCE DESCRIPTION: SEQ ID NO:4:

GATGAGTTCG TGTCCGTACA
20

(2) INFORMATION FOR SEQ ID NO: 5:
(i) SEQUENCE CHARACTERISTICS

(A) LENGTH: 21 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: synthetic DNA
(XX) SEQUENCE DESCRIPTION: SEQ ID NO:5:

GGTTATCGAA ATCAGCCACA G
21

(2) INFORMATION FOR SEQ ID NO: 6:
(i) SEQUENCE CHARACTERISTICS

:

(A) LENGTH: 20 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY : linear

(ii) MOLECULE TYPE: synthetic DNA
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6:

TGGAGGAGTC CATGACGAAA
20

(2) INFORMATION FOR SEQ ID NO: 7:
(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 118 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: synthetic DNA
(XI) SEQUENCE DESCRIPTION: SEQ ID NO -

7-
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118
(2) INFORMATION FOR SEQ ID NO: 8-

U> SEQUENCE CHARACTERISTICS -

(A) LENGTH: 137 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

MOLECULE TYPE: synthetic DNA
(XX) SEQUENCE DESCRIPTION: SEQ ID NO:8:====== J.

137
(2) INFORMATION FOR SEQ ID NO: 9-

(i) SEQUENCE CHARACTERISTICS-
(A) LENGTH: 163 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

ii MOLECULE TYPE: synthetic DNA(XD SEQUENCE DESCRIPTION : SEQ ID NO: 9:

SS2S £S£S S22HS ££?TCCTC<™

«

*CGCTGGGTG AACAACCTCT TATARS *ACTGATTGC CCGTCTCCGC^c^g ssssshe isssss js
10^

163

(2) INFORMATION FOR SEQ ID NO-10-
(i) SEQUENCE CHARACTERISTICS •

(A) LENGTH: 41 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: synthetic DNA
(XI) SEQUENCE DESCRIPTION: SEQ ID NO:10:

AAAGAAATTC TTGCTCGTTG ATCTCCACTC AGTGTGATTC C

(2) INFORMATION FOR SEQ ID NO: 11-
<i) SEQUENCE CHARACTERISTICS-

(A) LENGTH
: 40 base pairs

(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: synthetic DNA
(XI) SEQUENCE DESCRIPTION: SEQ ID NO- 11-

ACTCCAAAGG CTTTCCTTCA CTGTTGCAAA GTTATTGAAT
40

(2) INFORMATION FOR SEQ ID NO: 12:
(i) SEQUENCE CHARACTERISTICS

•

(A) LENGTH:' 46 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
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(ii) MOLECULE TYPE: synthetic DNAUa> SEOUENCE DESCRIPTION: SEQ ID NO: 12:

TATATTCATC ATAGGAAACA CCAATGATAT TTTCTTTAAT GGTGCC
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What is Claimprf ic

1. A method for amplifying a target nucleic acid sequence
comprising: ^

(a) forming a reaction mixture under hybridizing conditions with
(i) a sample suspected of containing a target strand with a

target sequence of interest, the target strand being present in single
stranded form; B

(ii) at least one split probe reagent having a 5' end
complementary to a first segment of the target strand and a 3' end
complementary to a second segment of the target strand, the second
segment being sufficiently near the first segment such that 5' end can be
joined to the 3' end when the split probe reagent is hybridized with the
target strand, wherein said 5' end and said 3' end are on two distinct
polynucleotides or on different ends of one continuous polynucleotide-A. split probe reagent further having a first non-complementary region
located downstream of the 5' end and not complementary to thTLrget
strand, and a second non-complementary region located upstream of the
3 end and not complementary to the target strand; and

(iii) an agent for ligating together said 3' and 5' ends of the split
probe reagent; v

u u
***** t0gether Said 3' and 5' ends of me Vlit probe reagent whilehybridized with the target strand thereby to form a ligated probe having aligation junction; 5

(0 separating the ligated probe from the target strand-
(d) treating the reaction mixture under hybridizing conditions with-

(i) an excess of amplification primers wherein a first primer
has a sequence complementary to a primer binding site ("PBS") located
in said first non-complementary region; and wherein a second primerhas a sequence identical to a site ('TBS' ") located in said second non-
complementary region, with the proviso that if said split probe reagent iscontinuous the PBS located in said first non-complementary region isupstream of said PBS' located in said second non-comPlementa£ region-

(e)

therefrom;

(ii) a supply of deoxynudeotide triphosphates; and
(in) an agent for inducing extension of the primers-
extending the first primer to form an extension product

27
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(f) treating the reaction mixture under denaturing conditions to

separate primer extension products from their templates;

(g) treating the reaction mixture under hybridizing conditions to

anneal the primers to the ligated probe or to extension product of the first

primer and extending the primers to form extension products therefrom.

2. The method of claim 1 further comprising a step of detecting the

formation of primer extension products that have been extended through the
ligation junction.

3. The method of claim 2 wherein said split probe reagent includes:

(a) a further segment having a unique sequence that is

recognized by a labeled probe or a capture probe that is unique for a specific

target; or

(b) a further segment having a defined length such that the
total length of extension product formed therefrom is unique for a specific

target sequence.

4. The method of daiml wherein the split probe reagent comprises
one continuous polynucleotide such that, when ligated, a continuous

polynucleotide loop is formed.

5. The method of claim 1 further comprising, prior to said separating
step of step (c), an additional step of separating split-probe-reagenfctarget

complexes from unhybridized split probe reagents in the reaction mixture.

6. The method of claim 5 wherein said split probe reagent comprises
one continuous polynucleotide and wherein said additional separating step
comprises selectively degrading unligated split probe reagent.

7. The method of claim 1 wherein said first and second primers have
identical sequences.

8. The method of claim 1 wherein a plurality of split probe reagents
are used in the same reaction mixture, each split probe reagent having 5' and 3'

ends complementary to different target sequences and each having in common
the PBS located in said first non-complementary region and the PBS' site

located in said second non-complementary region, whereby each such split

probe reagent, once ligated, is amplified by a common primer set.

28
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9. A kit for amplifying a target nucleic acid sequence comprising in
one or more containers:

(a) at least one split probe reagent having a 5' end complementary to a
first segment of the target strand and a 3' end complementary to a second
segment of the target strand, the second segment being sufficiently near the first
segment such that 5' end can be joined to the 3' end when the split probe
reagent is hybridized with the target strand, wherein said 5' end and said 3' end
are on two distinct polynucleotides or on different ends of one continuous
polynucleotide; the split probe reagent further having a first non-
complementary region located downstream of the 5' end and not
complementary to the target strand, and a second non-complementary region
located upstream of the 3' end and not complementary to the target strand;

(b) an agent for ligating together said 3' and 5' ends of the split probe
reagent;

(c) an excess of primers wherein a first primer has a sequence
complementary to a primer binding site ('TBS") located in said first non-
complementary region; and wherein a second primer has a sequence identical
to a site ("PBS' ") located in said second non-complementary region, with the
proviso that if said split probe reagent is continuous the primer binding site
located in said first non-complementary region is upstream of said site located
in said second non-complementary region;

(d) a supply of deoxynudeotide triphosphates; and
(e) an agent for inducing extension of the primers.

10. The kit of claim 9 comprising a plurality of split probe reagents,
each split probe reagent having 5' and 3' ends complementary to a different

'

target sequences and each having in common the PBS located in said first non-
complementary region and the PBS' site located in said second non-
complementary region, whereby each such split probe reagent, once ligated, can
be amplified by a common primer set.
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